In this paper, we report the syntheses and crystal structure determination of three mononuclear and four-coordinated zinc (II) bromide complexes with chemical formula of [Zn(tsc)2]Br2 (1), Zn(PPh3)2Br2 (2) and Zn(Brcatsc)Br2 (3). The synthesized complexes are characterized by elemental analysis (CHN) and their crystal structures are investigated by single crystal X-ray diffraction. In complex 1, the TSC coordinates to the zinc (II) ion as a bidentate ligand via N and S atoms. In complex 3, the thiosemicarbazone ligand Brcatsc coordinates to zinc (II) ion as a monodentate ligand via S atom. In these complexes, the zinc (II) ion coordinated in a distorted tetrahedral coordination geometry.
Introduction
The oxidation state of zinc in most complexes is +2 with zinc having an electronic configuration [Ar] 3d 10 . Then, the zinc (II) complexes are generally color less and adopt highly symmetrical structures [1] [2] [3] . Zinc (II) complexes with tetrahedral geometry are found in metallo-enzymes [4] . The complexes of zinc (II) are kinetically labile because the Zn-ligand bonds exchange with other ligands rapidly. The most common structure of zinc (II) complexes is tetrahedral [5] [6] [7] [8] . The zinc (II) ion forms stronger complexes with oxygen or nitrogen donor atoms [5] [6] [7] [8] than sulfur or phosphorus [9, 10] . Recently, preparation of zinc (II) complexes have received considerable attention because of their various applications and properties such as photoluminescence [11, 12] , fluorescence studies [13] , DNA binding [14] , catalytic [15, 16] and biological activity [17, 18] . In continuation of our research on zinc (II) complexes [6] [7] [8] [9] [10] , in this paper we report on the syntheses and crystal structures of three mononuclear zinc (II) complexes [Zn(tsc)2]Br2 (1), Zn(PPh3)2Br2 (2) and Zn(Brcatsc)Br2 (3) (Scheme 1).
Experimental

Materials and measurements
All chemicals such as ZnBr2, PPh3, alpha-bromocinnamaldehyde, thiosemicarbazide, ethanol, methanol and acetonitrile were provided from the Merck and/or Aldrich chemical companies in high purity and used as received without purification. The thiosemicarbazone ligand Brcatsc was freshly prepared according to our previous report [19] . Elemental analyses were carried out using a Heraeus CHN-O-Rapid analyzer. 
Synthesis of complexes 2 and 3
For the synthesis of the zinc complexes 2 and 3, the fresh ligand solution (2 mmol), PPh3 for 2 and Brcatsc for 3, was gradually added to complex 1 (1 mmol) in acetonitrile and the mixture was 
X-ray crystallography
Single crystals of 1, 2 and 3 were chosen for X-ray diffraction study. Crystallographic measurements were done with four circle CCD diffractometer gemini of oxford diffraction, Ltd., with mirrors-collimated Cu-Kα radiation. Crystal structure were solved by charge flipping with program superflip [20] and refined with the Jana 2006 program package [21] , by full-matrix leastsquares technique on F 2 . The molecular structure plots were prepared by diamond 4.0 [22] . All hydrogen atoms were discernible in difference Fourier maps and could be refined to reasonable geometry. According to common practice H atoms bonded to C were kept in ideal positions with C-H = 0.96 Å, Uiso (H) was set to 1.2 Ueq (C). All non-hydrogen atoms were refined using harmonic refinement. For disordered lattice water molecules hydrogen atoms could not be determined.
Crystallographic data, details of the data collection, structure solution and refinements are listed in Table 1 . Single crystals of complexes 2 and 3 were prepared by the reaction of ligand (PPh3 or Brcatsc) with complex 1. The formation of complexes is shown in Scheme 1. Figure 1 shows a molecular structure of 1 with the numbering scheme. The zinc (II) ion in 1 is four coordinated by two nitrogen and two sulfur atoms from two thiosemicarbazide molecules and geometry around it is distorted tetrahedral. Bond distances and angle of 1 are presented in Table 2 .
The bond distance Zn1-S1 = 2.2799 (11) Å is larger than the bond distance Zn1-N2 = 2.063(4) Å, confirming the distortion from a regular tetrahedron. The bond distance S1-C1 = 1.718 Å is larger than the similar bond in the free thiosemicarbazone ligand Brcatsc [19] , indicating the coordination of the S atom to the zinc (II) ion in 1. Also, the deviation from 109.5 by the chelate bond angle S1-Zn1-N2 = 113.42(11) and other bond angles (see Table 1 ) confirmed the distorted from tetrahedral geometry in 1. Figure 2 shows a molecular structure of 2 with the numbering Scheme. Selected bond distances and angles of 2 are presented in Table 3 . Figure 2 shows that the zinc (II) ion in 2 is four coordinated by two P atoms from two triphenylphosphine (PPh3) molecules and two Br atoms. The unit cell of 2 contains two crystallographic independent moieties. The coordination number if the zinc (II) ion in 2 is four with a distorted tetrahedral ZnBr2P2 coordination environment. The average bond distances of Zn1-P = 2.45 and Zn2-P = 2.46 Å is larger than the average bond distance Zn-Br = 2.39 Å. The deviation from 109.5 by bond angles Br-Zn-Br, Br-Zn-P and P-Zn-P (see Table 3 ) confirmed the distortion from tetrahedral geometry in 2. An ORTEP view of 3 is shown in Figure 3 . Selected bond distances and angles of 3 are collected in Table 4 . The coordination sphere around the zinc (II) ion in 3 is well described as four coordinated distorted tetrahedral with two sulfur atoms from two Brcatsc ligands and two Br atoms bonded to zinc. In this complex, each ligand remains in the same form than the free ligand [19] and are in Z position. The bond distances of Zn1-S1 = 2.3583(16) and Zn1-S2 = 2.3419(17) Å are smaller than the bond Zn1-Br3 = 2.3756 (9) and Zn1-Br4 = 2.4118(10) Å. The deviation from 109.5 by bond angles Br-Zn-Br, Br-Zn-P and P-Zn-P (see Table 4 ) confirmed the distortion from tetrahedral geometry in 2. In the crystal packing of 3, there are two intermolecular interactions of N2 H1n2N5 (Table 5 ).
These N-HN hydrogen bonding interactions are contributing to the additional stability of 3. 
Conclusions
Three new mononuclear zinc (II) complexes have been synthesized and characterized by elemental analysis and X-ray crystal structure analysis. Single crystal structure determination shows that the central zinc (II) ion coordinates only with two atoms (S/N), (P/Br), (S/Br) and the zinc (II) ion adopts a distorted tetrahedral geometry.
